Rationale: Functional imaging using radiolabeled somatostatin analogues plays an important role in the management of patients with neuroendocrine tumors, and it is a promising tool in the new era of theragnosis and personalized medicine.
Introduction
Functional imaging using radiolabeled somatostatin analogues plays an important role in the management of patients with neuroendocrine tumors, and it is a promising tool in the new era of theragnosis and personalized medicine. [1, 2] Somatostatin receptor imaging for the evaluation of other than neuroendocrine tumors has been studied. [3] The use of positron emission tomography/computed tomography (PET/CT) for the analysis of somatostatin receptor status of neoplastic lesions is a rapidly evolving field [4] and the wider receptor-binding profile of Ga-68-DOTA-1-Nal3-octreotide (Ga-68-DOTA-NOC) compared to other PET tracers such as Ga-68-DOTA-D-Phe1-Try3-Octreotide (Ga-68-DOTA-TOC) and Ga-68-DOTA-Tyr3-Thr8-octreotide (Ga-68-DOTA-TATE) may be advantageous for imaging. [5] The incidental finding of breast cancers in patients with neuroendocrine tumors was previously reported using Ga-68-DOTA-TOC [6] and Ga-68-DOTA-TATE [7] PET, but as to the authors knowledge, there is no case in the literature of an incidentally detected breast cancer while performing Ga-68-DOTA-NOC, which we report here for the first time.
Case report
Informed consent was obtained from the patient for publication. We report the case of a 63-year-old woman who performed Ga-68-DOTA-NOC PET/CT for the diagnosis of a pancreatic lesion suspected to be a neuroendocrine tumor. PET/CT revealed intense uptake of Ga-68-DOTA-NOC (SUVmax = 16.3) in the lesion located in the body of the pancreas, compatible with a neuroendocrine tumor (Fig. 1) .
PET/CT also showed increased uptake in a lesion in the left mammary gland (SUVmax = 3.3) and foci of increased uptake (SUVmax = 2.8) in enlarged left axillary lymph nodes (Fig. 2) .
Anatomopathology confirmed the breast lesion as a grade 3 no special type (NST) invasive carcinoma, as well as metastatic axillary lymphadenopathies of breast cancer. Immunohistochemistry showed the breast cancer to be estrogen-receptor-positive (5%), progesterone-receptor-negative, HER2-positive (3+), mammaglobin focally positive, and to have a high Ki-67 level (∼ 60%). For the breast cancer, the patient underwent neoadjuvant chemotherapy and anti-HER2 monoclonal antibody, after which she was submitted to surgery. Regarding the pancreatic neuroendocrine tumor, it was decided to maintain it under surveillance, as it was a small 1-cm lesion, confirmed as a well differentiated neuroendocrine tumor (G1) by an endoscopic ultrasound-guided fine needle biopsy. After 14 months of clinical, biochemical, and morphological imaging follow-up, the patient shows no signs of breast cancer recurrence and the pancreatic neuroendocrine tumor remains stable. 
Discussion
As to the authors knowledge, this is the first case reported in the literature of an incidental finding of a breast carcinoma on Ga-68-DOTA-NOC PET/CT performed for the evaluation of a neuroendocrine tumor. A previous research reported the incidental finding of breast lesions with increased uptake of Ga-68-DOTA-TOC in 4 of 33 consecutive patients who performed PET for the evaluation of neuroendocrine tumors, and 2 of these breast lesions were primary breast cancers. [6] Additionally, a recent pictorial essay showed an incidentally detected breast carcinoma in a woman with liver neuroendocrine tumor metastases performing Ga-68-DOTA-TATE for investigation of unknown primary site. [7] Somatostatin receptor expression is higher in estrogenreceptor-positive breast cancer. [8] Importantly, all 5 somatostatin receptor subtypes have been identified and are variably expressed in primary NST breast tumors, and there seems to exist receptorspecific correlations with histological markers as well as estrogenreceptor and progesterone-receptor levels. [9] PET with 2-deoxy-2-(F-18)fluoro-D-glucose (F-18-FDG), a glucose analog, is recommended for staging in locally advanced breast cancer. [10] However, regarding breast cancer diagnosis, the lesion detectability of F-18-FDG PET was shown to be affected by the tumor size and the histological type and grade of the tumoral cells. [11] Meanwhile, new hardware and software developments in PET imaging, such as dedicated PET scanners, [11] time-of-flight tecnhology, [12] and Bayesian penalized likelihood reconstruction algorithms, [13] are improving the detectability of small lesions, which could impact the detection of infracentimetric breast cancers with Ga-68-DOTA-NOC PET, while also significantly reducing the radiation dose to the patients.
On the other hand, as it happens with the variable glycolytic metabolism of diverse malignant breast lesions noticed while performing F-18-FDG PET, the variable quantity of somatostatin receptors in breast cancers can affect the sensitivity of Ga-68-DOTA-peptides PET. Indeed, a recent research suggested the utilization of Ga-68-DOTA-TOC for the imaging of low-grade breast carcinomas not detected with F-18-FDG. [14] An ingenious strategy that could be used to increase the sensitivity of PET imaging for breast cancer was previously proposed for the evaluation of neuroendocrine tumors and consisted in the administration of a double tracer combination of Ga-68-DOTA-peptides and F-18-FDG to improve the diagnostic accuracy over single tracer-PET. [15] Moreover, radiomics, a new and emerging method extracting a large amount of quantification image features, can potentially improve the diagnostic accuracy of imaging techniques like PET, as well as the characterization of tumors. [16] This, combined with the unique molecular information obtained from Ga-68-DOTA-NOC might further assist on prognostication and therapeutic decisions for personalized clinical management in breast cancer patients.
Our case reinforces the importance of being aware that other than neuroendocrine tumors, namely breast carcinoma, express somatostatin receptors and can be found on PET with somatostatin analogues.
In the new era of personalized medicine, PET with Ga-68-DOTA-NOC could become a useful tool for diagnosis and staging, as well as to predict and monitor the response to antihormonal therapy in patients with breast cancer.
Author contributions
